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[57] ABSTRACT 

A method and system aggregate data on multiple physically 
separate lower-speed El/Jl channels of a communications 
network to generate higher bandwidth. A high speed data 
stream is first divided into lower bandwidth channels and 
transmitted through the network. The data arrives with 
varying delays depending on the physical characteristics of 
the network. Low bandwidth channels are aggregated 
together into a high bandwidth channel by determining the 
different geographical delay parameters among the lower 
speed channels, adjusting the transmission delays by align- 
ment circuitry, and then combining the lower speed signals 
into ODC high bandwidth channel for the user. The transmis- 
sion delay adjustment consists in adding a pseudo-random 
noise pattern to each of the lower bandwidth channels, 
measuring the time difEerence among all the channels, and 
then adjusting the time differences in the received data 
stream so that the combination of the signals produces a 
coherent higher bandwidth data stream. Because of the 
enhanced delay compensation mechanism, there is virtually 
no distance limitation in the transmission of data and if one 
of the lower physical telecommimication lines becomes 
inoperative, bandwidth recovery is provided. 

11 Claims, 12 Drawing Sheets 



PROCESS OF DELAY EQUALIZATION 



CHANNEL 1 



CHANNEL 2 




CHANNELS 



12/16/2003, EAST Version: 1.4.1 



U.S. Patent 



Jul. 13, 1999 Sheet 1 of 12 



5,923,667 



DIGITAL SIGNAL HEIRACHY 
FOR EUROPE 




CEPT LEVELS 
E3 CHANNELS 



FIG. 1 



12/16/2003, EAST Version: 1.4.1 



U.S. Patent jui. 13, 1999 Sheet 2 of 12 5,923,667 



TELECOMMUNICATIONS NETWORK 

SERIAL DATA CHANNELS 
N PHYSICALLY SEPARATE CHANNELS 



DISASSEMBLY 



TXDATA 



TXCLK 



RXDATA 



RXCLK 



REASSEMBLY 



CHANNEL 



. — 230 



240 



DELAY N 



-230 



CHANNEL 1 



.240 



DEUY1 



CHANNEL 2 



DELAY 2 



240 



(NOTE: CHANNELS 1 - N , 
ARE FULL DUPLEX) , 



CHANNEL 



I — 230 



-240 



DELAY N -€£EZ 



-220 



210 



REASSEMBLY 




RXDATA 



RXCLK 



TXDATA 



TXCLK 



DISASSEMBLY 



FABRICATED DATA RATE = FABRICATED DATA RATE = 

N X (CHANNEL RATE - PROCESS OVERHEAD) N x (CHANNEL RATE - PROCESS OVERHEAD) 



FIG. 2 



12/16/2003, EAST Version: 1.4.1 



U.S. Patent jui. 13, 1999 sheet 3 of 12 5,923,667 



NETWORK CHANNEL DELAYS 



CHANNEL 1 



CHANNEL 2 



CHANNEL 3 



CHANNEL 4 



CHANNEL N 



-63.875 MSEC - 



-20.3 MSEC 



0 10 20 30 40 50 60 70 80 MSEC 



20.3 MSEC 



O© ©0 © 



LAST START 
SEQUENCE WRITE 
DETECTED 



FIFO RESTART RESTART 
OVERFLOW WRITE 



FIG. 3 



12/16/2003, EAST Version: 1.4.1 



U.S. Patent 



Jul. 13, 1999 



Sheet 4 of 12 



5,923,667 




12/16/2003, EAST Version: 1.4.1 



U.S. Patent 



Jul. 13, 1999 



Sheet 5 of 12 



5,923,667 



TRANSMIT DISASSEMBLY PROCESS 



570 •>, CHANNEL 1 



510 



USER 
INTER- 
FACE 



TXDATA 



TXCLOCK 



520 




RFO 




BUFFER 





525 -^ 



SERIAL-TO- 
PARALLEL 
CONVERSION 



T 



n 

530 



PSEUDO-RANDOM 
NOISE 
GENER ATOR 

~~3 



BUSES ARE 
N LINES WIDE 



CLOCK 
GENERATION 

540 



550- 



-H PSEUDO- 
RANDOM 
NOISE 
INSER- 
TION 



PSEUDO- 
RANDOM 
NOISE 
INSER- 
TION 



580 



E1 

FRAMER 



TXDATA 
CHANNEL 1 




570 •>> CHANNEL 2 



PSEUDO- 
RANDOM 
NOISE 
INSER- 
TION 



E1 

FRAMER 



TXDATA 
CHANNEL 2 




570 ^CHA NN EL 3 ^580 



El 

FRAMER 



570 -^CHA NN EL 4 ^590 



PSEUDO- 
RANDOM 
NOISE 
INSER- 
TION 



E1 

FRAMER 



-590 TXDATA 
^ CHANNELS 

LINE 
1DRIVER..^~T~ 

^595 



TXDATA 
CHANNEL 4 





L. 



FIG. 5 



PSEUDO-RANDOM 
NOISE 
INSERTION 
CONTROL 



ALIGNMENT 
CONTROL LOGIC 



560 



570_2^ CHANNEL N ^580 



PSEUDO- 
RANDOM 
NOISE 
INSER- 
TION 



E1 

FRAMER 



TXDATA 
CHANNEL N 




12/16/2003, EAST Version: 1.4.1 



U.S. Patent 



Jul. 13, 1999 



Sheet 6 of 12 



5,923,667 



TRANSMIT AUGNMENT PROCESS 



ENTER 




LOAD ALL El FRAMES 
WITH PSEUDO-RANDOM 
NOISE SIGNAL 



640 



PERFORM N-BIT 
SERIAL-TO-PARALLEL 
CONVERSION OF 
USER DATA 



YES 



650 



LOAD EACH El FRAMER 
WITH ONE BIT 
OF USER DATA 



NO 



NO 



NO 




FIG. 6 



12/16/2003, EAST version: 1.4.1 



U.S. Patent jui. 13, 1999 sheet 7 of 12 5,923,667 



o 

CO 

g 





cc 


CC 


LU 


CO 


LU 
C/3 


LU 

i 




X 


3 




LJ. 



X 

cr 

L_ 



< d) ^ 



CD Z3 



o 

CO 



c/3 
CO 
LU 
O 
O 

cr 

CL 
CO 

i 

CO 
CO 

< 



> 

LU 
O 
LU 

a: 



o 
o 



o 

IT) 



O O 

o < 

-J UJ 

o oc 

X X 



LU 

Q Z L— 

UJ o ^ 



=3 

o 
o 



g 



o 



O 



lU 

§ CO Q 

cc 



ID 
O 

o 



1^ 



Q ^ Z J_ 



C3 

-o - 
-o - 

I 

o 



zQ 

CD 

Q. ■ 




12/16/2003, EAST version: 1.4.1 



U.S. Patent 



Jul. 13, 1999 



Sheet 8 of 12 



5,923,667 




12/16/2003, EAST Version: 1.4.1 



U.S. Patent jui.13,1999 



Sheet 9 of 12 



5,923,667 



S 



ai 

CO 



o g 

CO 5: 

CO > 
LU J— 
O 

o 

Q. 
LJJ 



o 



< 

CO 
ZD 



O P: 
CO </5 

o 

X 

< 

CO 



o 



vz 



CO 

o 



CD Z> 
CQ 



0 


0 


0 


0 


CO 




CO 


to 











o 
in 



CQ 



O 
CO 



CO 
LU 
CO 
—I 

o 

2 

O 

LU 
> 
LU 
CO 

tr 

LU 

t 

< 

CO 

i 



o 



VZ 



o 

CO 



■ ■ ^» 



o 

CO 



o 
in 



\z 



CO 
CO 



o 

CO 



o 
in 



\z 



O 





CO 


CO 


Z 1 




CNJ 


CO 


z. 


_J 


uj 


_l 


_l 1 




_l 


_l 


_l 


LU 


LU 


LU , 


UJ 


LU 


UJ 


at 


•z 






Z 1 


•z. 


2: 


2: 


z: 








Z , 


z 


2: 




z 


<: 


< 


< 


<t 


< 


<C 


< 


<: 


X 


X 


X 


X 


X 


X 


X 


X 


0 


0 


0 


0 


0 


0 


0 


0 



< 


1 CQ 




1 O) 


d 


Id 







< 

d 



12/16/2003, EAST version: 1.4.1 



U.S. Patent 



Jul. 13, 1999 



Sheet 10 of 12 



5,923 



o 

< 

o 

LJL) 
>- 

LU 
Q 
UL 
O 
UD 
CO 
UJ 
O 
O 

az 
□- 

LU 



o 

CO 

I— 

o 

X 
CO 

< 

CO 



CO 
UJ 
CO 

_J 
=) 

CL 

o 

2 

o 



tr 

£ 

LU 

t 

< 

CO 
CO 



o 

CO 



o 
in 



o 

CO 



o 

CO 



CM 



o 

CO 



o 

ID 



CO 

O 



14 



£ CO 
CO 



o 
to 



o 
to 





CM 


CO 


2 


1 

LU 


—1 
UJ 


_I 

UJ 


_l 

LU 


•z. 














Z. 


< 


< 


< 


< 




X 


X 


X 


o 


a 


o 


o 



< 

d 



OQ 

d 



m 

d 
u. 



12/16/2003, EAST Version: 1.4.1 



U.S. Patent 



Jul. 13, 1999 



Sheet 11 of 12 



5,923,667 



RECEIVE REASSEMBLY PROCESS 



163 




YES 



MONITOR FOR PSEUDO- 
RANDOM NOISE 
SEQUENCE 




IDENTIFY CHANNEL DELAY 
LOAD CHANNEL 
DELAY COUNTERS 



166 



CLOCK ONE BIT 
OUT OF FIFO 



FIG. 10A 



FIG. 10A 



FIG. 10B 



175 



NO 



NO 



NO 



NO 



YES 



YES 



NO 



179 178 176 177 



12/16/2003, EAST version: 1.4.1 



U.S. Patent 



Jul. 13, 1999 



Sheet 12 of 12 



5,923 



175 



179 178 



176 177 




SET STOP CLOCK TO 
THOSE FIFOS 



NO 




SETRXREADY 
BEGIN TO RECEIVE DATA 



171 



MONITOR FOR LOSS OF: 
FRAME ALIGNMENT OR 
PSEUDO RANDOM NOISE 
SEQUENCE 




YES 



YES 



FIG. 10B 



FIG. 10A 



FIG. 10B 



12/16/2003, EAST Version: 1.4.1 



5,923,667 

1 2 

SYSTEM AND METHOD FOR CREATING N- of bandwidth are not available and the user must buy more 

TIMES BANDWIDTH FROM N SEPARATE bandwidth than required, wasting useful network resotiices. 

PHYSICAL LINES For purposes of description hereinafter, the term El/Jl lines 

shall include Tl lines or equivalent in North America, as 
BACKGROUND OF THE INVENTION 5 indicated in Table 1, supra, 
n"! T h ■ 1 F* Id Users in all countries would like to use 2, 3, 4, or more 
{ ) ec nica le channels, and aggregate them as a single channel rather than 
The present invention relates lo high speed synchronous fQ ^ ^ high-speed hne with low line utilization most of the 
communication networks and more particularly to a system 1^^^ ^Vhat prevents the users from doing this direcUy is that 
and a method for creating N-times bandwidth from N ^^ch is individuaUy routed, and may traverse a different 
separate physical lines. geographic path through the network. Thus, the individual 
(2) Description of the Prior Art control signals experience different transport delay times in 
The present communication carrier networks have passing from the source terminal to the destination terminal, 
evolved over time from data transmission using mostly Therefore, the receiving end is not able to reassemble the 
analog techniques into entirely digital networks. New indus- 15 information in the correct sequence, 
try standards for the transmission and the reception of data Prior art related to the forgoing problem is described in 
have emerged including among other things, methods for U.S. Pat. No. 5,251,210 entitled "Method and Apparatus for 
channelization, data multiplexing and demultiplexing, Transforming Low Bandwidth Telecommunications Chan- 
switching and cross-connection routing of data from one nels into a High Bandwidth Telecommunication Channel" — 
user to another. 20 Mann et al. — The *210 patent discloses a method for com- 
-RieCCITT Standards specify data signal voltage levels ^'""'""^ 1°^" bandwidth channels to produce a higher 
and template characterisucs, framing formats, clocking and bandwidth channel. However, this disclosure is limited in 
signal jitter characteristics. The Standards allow the different **^P^ because: 

manxifacturers to connect their equipment to the carrier 1- AppUcation field is limited to the United States tele- 
networks and to inter-operate with each other. In the United communications environment. 

States, the Standards have been, in particular, the object of 2. Delay is not correctly compensated over 5000 meters 

a large number of US patents relative to clock recovery, and limits the transmission distance. 

aUgnment and synchronization within a single channel, as 3 ^j^q^ recovery is pnavided if one of the lower 

follows: bandwidth channels becomes inoperative. 
U.S. Pat. No. 4394,758, "Timing circuits for PCM 

reception"— Donne et al. SUMMARY OF THE INVENTION 

U.S. Pat.. No. 4,394,759, "Digital information transmis- [t is therefore the object of the present invention to 

sion system" — Donne et al. provide a method and system for creating a N-times band- 

U.S. Pat. No. 4,417,345, "Digital channel protection 35 width from N separate physical telecommunication lines in 

switching for radio communications" — Abbruscato et a communication network. 

. al- Another object is equalizing transmission delay among a 

U.S. Pat. No. 4,458,356, ''Carrier wave restoration drcTiit plurahty of channels combined into a high speed channel. 

for receiver" — Toy et al. Another is determining the different transmission delays 

U.S. Pat. No. 4,630,286, "Multiple telephone circuit syn- *° among a plurality of channels combined into a high speed 

chronizer for high speed data" — Betts et al. channel. 

U.S. Pat. No. 4,675,886, "Frame synchronizing unit with Another is a special alignment signal for each channel 

word-locking decoder** — Surie et al. combined into a high speed channel. 

U.S. Pat No. 4,734,920, "High speed modem for multiple Another object is a system and method for aligning a 

communication" — Betts et al. plurality of chaimels combined into a single channel without 

U.S. Pat. No. 4,744,095. "Diversity channel switch with corruption of data. 

automatic data rephasing** — Comet et al. Another object is a system and method for providing 

U.S. Pat. No. 4,775,987, "Transmitter for high bit rate bandwidth recovery when a channel becomes inoperative. 

data over telephone system" — Miller et al. 50 These and other objects, features, and advantages are 
U.S. Pat. No. 4,818,995, "Parallel transmission system achieved in a communication network in which a high 
using step as line coding type"— Takasaki et al. bandwidth data stream which is a multiple of the El/Jl 
Standardization, while useful, is sometimes not cost effec- bandwidth is separated into N separate physical data streams 
tive because the granularity of bandwidth to the user does connected to the transmission network. Data are transmitted 
not always meet his needs. The user must reserve bandwidth 55 over different physical paths and are received with different 
in the increments tariffed by the individual countries. In delays among the N El/Jl hnes. The different delay char- 
Europe and Japan bandwidth is available on El and Jl lines, acteristics of the different physical lines are taken into 
respectively, while in North America bandwidth is available account. The end user UansmitUog and receiving the daU, 
on Tl lines which are the equivalent of El/Jl lines. See believes full N-times El/Tl bandwidth is available. 
"Newton's Telecon Dictionary^' by Harry Newton, Flat Iron 60 In the case of El/Jl lines, the alignment of lower speed 
Publishing Inc., New York, 8th Edition, published Novem- El/Jl data into a higher bandwidth operates by using some 
ber 1994. If a higher bandwidth is required than provided by of the bandwidth of each El/Jl channel as a common timing 
a given type of channel, the user is forced to buy the next signal. Each El/Jl signal is transmitted to the network with 
higher increment of bandwidth even though the tariffed identical timing information. At the destination, the timing 
bandwidth far exceeds requirement. For example, in Europe, 65 information is recovered for each El/Jl signal indepen- 
a user requiring more than the El bandwidth of 2 Mbps is dently and is used to recombine the low bandwidth signals 
forced to buy E3 bandwidth of 34 Mbps. Intermediate rates into a single high bandwidth signal. The term for this process 
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is to cohere the output from the network into a high FIG. 8 is a timing diagram for a delay equalization 
bandwidth signaL The timing information is a **superframe" process according to the present invention; 
signal added into one bit position of each El/Jl frame. The pics. 9a and 9b are timing diagrams for the delay 

effective bit rate of each constituent El Unk is thus reduced equalization process of FIG. 8, after two, seven and forty 
from 1984 to 1976 kbps, 8 kbps being reserved for the 5 dock pulses- 
timing information. The bit rate of N cohered El links is „„„ ! « r . 
Nxl976 kbps. The Jl bit rate is reduced to 1536 kbps from diagrams for the receive 
1544 kbps. The "superframe" signal is a pseudo-random reassemblmg process of FIG. 7. 
noise sequence from a shift register generator. The auto- rM^c/^i>Tiyrrr\KT octtjo nriciTirDDcn 
correlation properties of pseudo-random noise sequences DESCRIPTION OF THE PREFERRED 
make them ideal for sudi timing purposes. The period of the EMBODIMENT 
pseudo -random noise sequence is set to at least twice the ^ , . t ■ , »_ 
anticipated delay differential. The factor of two is needed to Telecommunications Multiplexor Hierarchy 
prevent delay "aliasing". Aliasing is when the delay in one xhe hierarchy of multiplexors used in different parts of the 
hne is greater than that of the delay compensation mecha- vvorld is shown bebw in Table 1 and the different multi- 
nism. Aliasing results in one channel arriving one frame out plexing techniques can be used within one another: 
of phase with the other channels causing a corruption of the 

received data because the receiver cannot detect entirely TABLE 1 

"skipped" frames. At the source, the same bit of the pseudo- 

random noise sequence is inserted on each El/Jl line. The pcm Hierarchies 

pseudo -random noise sequences inserted on each transmis- 
sion line are used at the destination to align the data received 
from the network. At the destination, pseudo -random noise 
sequence receivers independently acquire the phase of the 
timing information in each El/Jl signal. However, since 
separate physical paths are used for the transmission of the 
data, the data at the receiving end is not in the same data-bit 
sequence as the data that was transmitted at the source. The 
differential delays between the El/Jl channels can be 
resolved by using the difference in superframe phases. This 
function can be accomplished because the transmitting end 
inserted the receive alignment signals in the same bit posi- 
tion relative to the superframe signals in the data stream 
(Superframe signals are used by the network to ensure that 
all user data remains in the same relative time position to a 
common reference point i.c. the superframe signal.). The 
process of determining the relative time position of user data FIG. 1 depicts a typical use of multiplexors in cascade. A 

to a common reference point and then compensating for this number of low speed 64 kbps channels 110 are combined by 
time difference is called coherence throughout in this appli- a carrier's multiplexor 120 into one high speed El line 130 
cation. Based on the measured time differences between the operating at 2048 kbps. This includes 1920 kbps of user data 
superframe signal and the pseudo-random noise bit in the and 64 kbps of network signalling information required in 
data stream, the relative delay across aU the channels can be the network standard. The remaining 64 kbps is used by the 
determined. The system compensates for the individual network equipment for frame and superframe synchroniza- 
delay variance and combines the low-bandwidth channels' tion and for network management of the networic. The 
receive data effectively as a single high bandwidth channel. resulting combination 130 comprises: 

BRIEF DESCRIPTION OF THE DRAWINGS "^'^ ^^^'^^"^^ 

^ . -11.... J . J c one control channel 110 used for signalling (64 kbps) 

The invention will be better understood from a detailed ^ °^ . ' 

description of a preferred embodiment taking in conjunction one network channel added by the network equipment 
with the following Figures, in which: multiplexer 140 used for frame synchronization (64 

FIG. 1 is a block diagram of a typical telecommunications P^* . . , . 

network hierarchy through out the world. ^]^^^ f^'"' ^" ^'f'^'^f'. "^^"f f \f20 kbps. 

... J Added to these channels 110 is a control channel for 

HG. 2 IS a block diagram of disassembhng and reassem- ^^ ^^^^ ^h^ muhiplexor 120 adds a network channel for 
bhng apparatus included in the system of FIG. 1, according telecommunications equipment to identify each 

to the present invention, channels' position within the El line. This bandwidth com- 
FIG. 3 IS a tuning diagram of a typical sequence of ^EPT level 1 El channel 130 for the next level 

operation for starting the process of aligning data with multiplex or 140 

different delay characteristics in FIG, 2. according to the 4 ^^^^^^ ^^^^^.^ ^^^^^^ ^ 

present invenUon; sequence. The pattern of 256 bits transmitted in 125 micro- 

FIG. 4 is an El/Jl frame structure according to the present seconds is a repetitive pattern within the network resulting 

invention; in ^ bandwidth of 2048 kbps. Data is divided into 30 

FIG. 5 is a block diagram of a transmit disassembling eight-bit channels 410 and 420, The control channel 430 is 

system according to the present invention; reserved in the data stream for signalling purposes. The sum 

FIG. 6 is a flow diagram of the transmit disassembling of 30 data channels and one signalling channel at 64 kbps is 
process of FIG. 5; 65 1984 kbps. The network framing pattern 440 is added to 

FIG. 7 is a block diagram of a receive reassembling each frame to allow the transmission equipment in the 

system according to the present invention; network to maintain frame synchronization and therefore 
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know the relative position of each of the user's data within bandwidth. A data pattern is inserted in the bit at the 

the frame. The addition of this information brings the total transmitting end so that the receiving end can search the data 

network bandwidth to 2048 kbps. Various types of combi- stream and determine when the hardware has detected the 

nations with varying amounts of user bandwidth are avail- data pattern in this bit position. Since user data is not random 

able within the network. This standard has been designated S in nature (there are some bit patterns repealed more often 

as the :f.H sub x:ef. -scries standards for El. The multiplex- than others) one must chose a bit pattern to insert in the MSB 

ing 140 by the telecommunications carrier of sixteen El bit 405 that will not be confused with a data pattern. Data 

lines together 130 forms one E3 telecommunication con- patterns simulating noise sequences arc ideal for this pur- 

nection 150 operating at 34368 kbps. pose. Therefore, a pseudo-random sequence of length 511 (9 

10 bits) as defined by "the CCITT lOe"^ pseudo-random noise 

Bandwidth Granularity pattem", is written into this timing bit 405. ExacUy the same 

r 1. 1 r J . pseudo-random sequence bit 405 is written into this bit 

The tise of El/Jl channels for transportmg tiser data r l Tt ii. • *i. r 

, , , \_ ^ ^ , position for eadi N El/Jl frame m the same group of 

through the European and Japanese telephone networks is ; , • *• i- ^j^- • . j u ci-i 

.1 . LI- I. J -1 / . J .I.- . J telecommimication Imes. This pattem is repeated each 511 

well-established. Many commercial products do this today. . .. u r • .l J j 

™ r.L- . u 1 a . .t. ' 15 bits. Since each frame is 125 usee, the pseudo-random noise 

The limitation of this technology is that the maximum user „^ ^ ^ „ „ r - ci i f ^ /<n/ 

, -11.. • 1 -.no^iil * 1 *i_ sequence forms a super frammg pattern of 511 frames (63/1 

bit rate available is only 1984 kbps: the El bit rate, less the ^ rrn f • i tt • r *• 

- . . J r • 1 . L • J r J- msec-El — ^511 times 125 usee) m length. User mformation 

framing overhead. In^easmgly, there IS a ^ is then placed in the remaining seven bits of the first channel 

r, , '^f ■ ^ h' 7'^^ and also in the remaining channels 420. Ibe user is 

js E2 at 8448 Mbps. However rnany countries do not offer ^ ^^^^^^^ 

tV^'Hr % °? ^ TT -l^u determining the delay characteristics of the telecommunica- 

34368 Mbps. For customers requinng more bandwidth than -fu • * *u ^ • a- * a * * ^ 

.1. T--i L J j.i. r ^r.o>i 1 1_ - ■ t • tions line. The timmg to the end user IS adjusted to take this 

the El bandwidth of 1984 kbps this is a very large mcrease . . , ° , , i . • t . 

• u VTi"u ^ • T Vu : f. ■ 1 slight vanance into account and no user data is lost, 

m bandwidth and very expensive for the customer. It is only ^ 

justified in very few instances and in many countries this ^h^ maximum delay differential that a pseudo random 

speed is not tariffed. What is needed instead is a channel ^ no^se sequence mechamsm can compensate for is up to one 

with a bit rate which is a low integer multiple of the EWl °f ^^""^^ pattern's signal period. Otherwise, 

bit rate. That is, use 2, 3, 4, or more physically separate and ^^e data stream would be out of coherence by one frame 

tariffed El/Jl lines and aggregate them as a single line. What ^^""^^ go undetected by the hardware. The recovered 

prevents from doing this directly is that each El/Jl is ^^^a at the receivmg end would no longer match the trans- 

individually routed, and may traverse a different geographic ^° "^^^^^ data and the invention would not function. The 

paths through the network. Thus, the individual El/Jl sig- mechanism described coheres up to 31^ Vie msec for El hnes 

nals experience different transport delay time in passing ^^'Z' ™^^'^)- Compensation for delays longer than this 

from the source terminal to the destination terminal. would require pseudo-random sequences of longer lengths 

i.e. 1023 bits. Since the pseudo-random sequence detection 

Disassembling and Reassembling hardware increases with respect to the pattem length, 511 

bits was chosen as an optimal number for the following 

Referring to FIG. 2, the system claimed in the present reason. Data is transmitted at the speed of light or :f.3xl0 

invention receives data from a single user at a rate N-times sup 8:ef. meters per second. With the invention able to 

that of a El Hne 130. User data is transmitted to/from the cohere signals with different delays of up to 32 milliseconds, 

invention 210 and 220 as full duplex data in the form of 40 the data could travel approximately 10,000 kilometers with- 

serial data streams labelled TxDATA and RxDATA. The data out before this invention would fail to cohere the signals, 
is accompanied by network clocks labelled TxCLK and 

RxCLK. Before being transmitted over the carrier network. Cohering Mechanism 

this data is divided 210 into N lower speed serial data - i. . • , ■ . 

channels 230. After transmission, the data received from the 45 ^ illustrated m FIG 7, the cohering mechamsm at the 

multiple N chamiels 230 is reassembled 220 into a continu- receiving side reqmres, for each El/Jl channel, the follow- 

ous data stream resulting in the reception of data identical to devices: 

the data transmitted. The problem is that the lower speed an El/Jl Framer 730 for detecting the network framing 

channels 230 have different delay characteristics 240 pattern associated with a Pseudo-Random Noise 

because: 50 Sequence Detector 740 for determining the position of 

the chamiels are physically different; ^^^^^ ^^^^ ^^^^^^ ^ 

the equipment along the transmission path are different; ^^^If ' ^'^^^^^ implementation uses a FIFO 

. . , , . _ buffer) 750 for compensatmg the delay of the different 

the routes within the network are different. network. 

An object of the present invention is to account for and to ^^chanism contains a delay mechanism 

compensate for this tune difference in the data transmission. ^^.nS bits in length (32 kbit FIFO commercially available). 

r-t/Ti p c* 4 Each bit transmitted at 2048 kbits per second requires 488 

El/Jl Frame Structure . ^ . . „ . ^ .^^ y , 

nscc for transmission. This one bit is transmitted each 125 

As shown in FIG. 4, user data is placed in slots 1 to 30 420 microseconds, the period for the framing structure to repeat 
of the El/Jl frame. (All the slots can be used contiguously 60 itself at a transmission rate 2048 kbits per second. With one 
so the system has one single user occupying all the band- bit transmitted every frame and with a commercially avail- 
width available). The last slot 430 is used for framing and able FIFO of 32,768 bits in length, a maximum frame delay 
control purposes and the first (MSB) bit 405 of the first slot of 40.6 milliseconds is possible. However, because this 
410 of every frame is used at the receiving end to determine mechanism reliably compensates for half the FIFO delay, 
the delay characteristics of each physical link. Because the 65 this allows for a maximum delay differential of 20.3 msec 
invention requires use of one bit of the user's data stream, for El lines. At the start of the cohering operation, all N 
the user's bandwidth is slightly less that the total available Pseudo-Random Noise Sequence Detectors 740 are search- 
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ing for the pseudo-random noise sequence. During this time 
DO data is loaded into the FIFO Buffers 750. Once the 
Pseudo-Random Noise Sequence Detectors 740 have 
detected the pseudo-random noise sequence (one pseudo- 
random noise bit from 511 consecutive frames), they are said s 
to "lock** onto the pattern. Each El/Jl channel locks onto 
their incoming pseudo-random noise sequences indepen- 
dently. After all N Pseudo-Random Noise Sequence Detec- 
tors 740 come in-lock, the differences in delays can be 
determined. Once the differences in delays are determined, jq 
the FIFO Buffer 750 can be used to compensate for this 
delay. Then the El/Jl outputs can be cohered in the FIFO 
Buffer 750 into a single high bandwidth data stream. 

FIG. 3 shows a typical sequence of operations on starting 
coherence. 15 
Last in-lock: there is no way to know what the absolute 
delay of the N incoming El/Jl lines is. Hence the last 
pseudo-random noise codes to become in-lock is not, in 
general be that one having the longest delay (1) any of 
the N may be last. 20 
Start Write: the HFO Buffer 750 start when that particular 
channel has detected the 511 bits of the pseudo-random 
noise sequence . The write to the FIFO Buffer 750 might 
start with channel 3 (2), which is in the middle of the 
high bandwidth data stream. FIFO Buffer writes then is 
starts for a channel 2, following its pseudo-random 
noise start of sequence bit. 
FIFO Overflow: no more writes occur for over 20.3 msec. 
This causes the FIFO Buffer 750 of channel 3 (3) to 
overflow. 30 
Reset upon the FIFO Buffer 750 overflow, all N FIFO 
Buffers 750 are reset (4). The window of 20.3 msec 
ensures that the other N-1 channel have had time to 
enter data bytes in the other FIFO Buffers 750 if proper 
coherence is occurring. The fact that they have not 35 
started to write indicates that proper coherence is not 
being obtained, and the mechanism resets. (Reset must 
be done from between 20.3 msec to 63.9 msec to ensure 
that it can been done and is removed before the start of 
the next pseudo-random noise sequence. The 20.3 msec 
figure is caused by the length of the FIFO Buffer of 
32,768 bits and the 63.9 msec figure is caused by the 
number of bits in the pseudo-random noise sequence.) 
Restart Write: after reset which may be done because the 
network ts in an error condition, the receive reassembly 
process is started again. The Pseudo-Random Noise 
Sequence Detector 740 is not writing to any FIFO 
Buffer 750, and is looking for the first start of sequence 
bit. When this is seen (5), FIFO Buffer 750 writes start. 
When N first FIFO buffer writes have been done, 
coherence has been achieved. 
As illustrated in FIG, 7, when the first write operation is 
done into the FIFO Buffer of the last El/Jl line to see a 
pseudo-random noise start of sequence bit, a Counter 760 is 
triggered. The Counter runs for one frame time. When this 
counter matures, output data reads from all N elastic buffers 
start simultaneously. This delay operation ensures that there 
is at least one full frame of data in the shortest elastic buffer 
before reading starts. This ensures that for any jitterAvander 
excursion of the links, and the mechanism does not under- 
flow. 

Implementation 

In FIG. 2, an overview is shown of the disassembling and 
reassembling. Only the implementation for El lines will be 65 
detailed in the present application. However, the same 
principles apply to Jl or to other similar lines also. 



Disassembling System 

Before dividing 210: the high bandwidth data stream 
(TxData) into N low bandwidth channels 230, each of the N 
channels 230 must have achieved frame synchronization 
from the El framing units 730 on the receive data. 

FIG. 5 details the disassembling system: 

Clock Generation 540: A Clock Generation unit generates 
a high speed clock (TxClock) with a frequency exact 
multiple of the low speed El clock received from one 
of the lines. The high speed clock is provided to a user 
interface called High Speed Serial Interface (HSSQ 
port 510 for clocking data into the network. 

Elastic Buffer 520: The user's incoming data (TxDau) 
enters in bit-serial form on the High Speed Serial 
Interface port 510 into an FIFO Buffer 520 to compen- 
sate for slight variations in clocking. 

Serial -to-Parallel Converter 525: Then, the user's data is 
fed into a Serial-to-Parallel Converter 525 having an 
N-bit output. The value of N is equal to the number of 
El lines over which the incoming data is transmitted 
through the network, and hence the bit rate multiplier. 
The transmitted bit rate is Nxl976 kbps. 

Pseudo Random Noise Insertion 570: The N bits of the 
Scrial-to-Parallel Converter 525 output in turn form N 
bit serial inputs to N Pseudo Random Noise Insertion 
(PRNI) units 570. These PRNI units are bit multiplex- 
ors. As the data exits the Serial-to-Parallel Conversion 
unit 525, the high bandwidth bit stream must be divided 
into N lower speed bit streams. The PRNI 570 circuit 
accepts only one of N bits from the higher bandwidth 
signal. After it accepts one bit, the next PRNI unit 
accepts the next bit The Pseudo-Random Noise Inser- 
tion Control 550 synchronizes the insertion of the 
pseudo -random noise bit 405 with the framing pattern 
440 in the data stream. 

Transmit Pseudo Random Noise lasertion Control Logic 
550: The Pseudo Random Noise lasertion 570 units are 
operating under the common control of the Transmit 
Pseudo Random Noise Insertion Control Lxjgic 550. 

El Framers 580: The outputs of the Pseudo Random 
Noise Insertion units 570, in turn, are using as inputs to 
El Framers 580. 

Alignment Control Logic 560: The Alignment Control 
Logic 560 maintains the pseudo random noise sequence 
bit 405 and determines the bit ordering positions within 
the frame shown in FIG. 4, This Alignment Control 
Logic 560 ensures that the El Framer 580 inserts eight 
bits 440 into each 256-bit frame for framing synchro- 
nization. 

Pseudo Random Noise Generator 530: Of the 248 bits 
remaining per El frame entering the El Framer, 247 are 
data from the incoming data, and one bit is used by the 
PRNI unit 570 from the Pseudo Random Noise Gen- 
erator 530. There is one Rscudo Random Noise Gen- 
erator 530, and its output is added at a common time 
into all N data streams. Timing is such that the bit from 
the PRNI generator 530 is inserted into the first bit 
position of the first slot 405 on a El frame following the 
framing bit in each El frame. 

Line Drivers 590: The Line Drivers 590 are CCITT 
compliant circuits that place the bit stream in the 
network 595. 

In this maimer an identical superframe signal is added into 
each of the N channels 595, in exactly the same bit position 
in the El frame. This information is used to cohere the 
received signal. 
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Disassembling Process 

FIG. 6 shows the process for disassembling the high 
bandwidth user's data in the transmit direction: 

Step 610 determines if all the N channels have obtained 

frame aUgnment by detection of the frame alignment 

sequence pattern from the network data stream in the 

frame and superframe patterns 440. 
Once frame alignment has been detected, step 620 

searches for the frame synchronization bit 440. The 

frame synchronization bit starts the initial process of 

disassembling for the high speed data. 
Once the frame synchronization bit is detected, step 630 

loads all the El Framers 580 with the pseudo-random 

noise bit 405 provided by the Pseudo Random Noise 

Insertion unit 570 and the Pseudo Random Noise 

Generator 530 so the transmitted signal has a common 

point of reference. 
Step 640 performs the serial to N-bit parallel conversion 

525 of the data as it is passed to the El framers 580. 
Step 650 loads one bit of user data in the framer (580) and 

then performs a test. 
Step 660 determines if the next bit is going to be the frame 

synchronization bit denoting the start of a new frame. 
If no frame synchronization bit is required then steps 640 

and 650 are executed in a loop until the synchronization 

bit is deteaed. 
Once step 660 detects the synchronization bit then control 

is passed to step 630. 
In step 630 the pseudo-random noise bit is inserted in the 

data stream and the process is repeated. 
If at any time the signal is lost or frame synchronization 

disappears because of a network problem, the control 

passes back to steps 610 and 620 so the synchronization 

and aligrunent process can start over 

Reassembling System 

The reassembling system is detailed in FIG. 7: 
Receiver 710: The signal RxData transmitted along each 

El channel 705 is received 710 at its destination point. 
Qock and Data Recovery 720: The user's data and the 

clock are recovered 720 from the received analog El 

signal. 

El Framer 730: Each analog El signal is converted to 
digital levels and processed by a El Framer 730, one 
for each line. The recovered clocks are used by the El 
Framers in the reassembling and delay compensation 
process. The El framers search the incoming data 
stream for the frame aligrunent sequence that is used to 
determine the relative positions of the data bits being 
received as shown in FIG. 4. El framing is done by 
commercially available El Framer devices 730 which 
;isc the El framing signal contained in the eight bits of 
each El frame 440. The El Framer output contains 247 
data bits (out of the 248 bits remaining) for each 
received El frame. 

Pseudo Random Noise Sequence Detections 740: At the 
receiver side, the N independent El channels 705 
contain an embedded pseudo-random noise sequence 
405 along with the data. Because of the different 
physical paths that each signal traversed, the delay of 
the received data varies between received signals. 
Therefore, there must be some circuitry added to com- 
pensate for this delay. On every El channel 705 a 
Pseudo Random Noise Sequence Detection unit 740 
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searches for the delay of the pseudo-random noise 
sequence 405 from each incoming signal. Delay is 
measured in the number of data bits between the 
pseudo-random noise bit among eadi data stream. (See 
5 FIG. 8 for an example). This sequence of 511 bits is 
found in the first bit position following the El framing 
slot of every El signal 405. 
Delay FIFO Buffer 750: Once this sequence has been 
founded, then writing into Delay FIFO Buffers 750 
10 begins with the first data bit following the pseudo- 
random noise sequence which is defined as start of 
frame. In this maimer the bits entering the Delay FIFO 
Buffers correspond to the bits whidi were originally 
associated at the transmitter. However, the bit sequence 
J 5 is still not aligned so that it can be reassembled into the 
high speed signal that was transmitted at the origin. 
FIG. 8 shows a snap-shot of the Delay FIFO Buffers at 
a given point in time in the reassembling process. 
Counter 760: Each Delay FIFO Buffer 750 contains a 
20 Counter 760 that holds the number of clock cycles 
required to shift the pseudo-random noise sequence to 
the last position in the Delay FIFO Buffer. 
FIG, 8 shows an example of each Delay FIFO Buffer 750 
and its associated Counter 760 when all lines have delected 
25 the pseudo-random noise sequence pattern 405 in their data 
stream. The different counter values and the different posi- 
tions of the pseudo-random noise bit are due to the different 
delay parameters of the data transmission over N physically 
separate lines. For the high bandwidth signal to be reas- 
30 sembled this delay must be compensated for by the inven- 
tion. 

Group Alignment Control Logic 790: The Group Align- 
ment Control Logic 790 ensures that the N Pseudo 
Random Noise Sequence Detection units 740 have 
35 detected the pseudo-random noise sequence and are 
"locked" onto that repeating pattern. Now, one of two 
events occur: 

Either all N Pseudo Random Noise Sequence Detection 
units 740 lock onto this sequence before any Delay 
40 FIFO Buffer 750 overflows, or 

one Delay FIFO Buffer 750 overflows prior to all 
Detection units finding the pseudo-random noise 
sequence. 

Hence, if the Pseudo random Noise Sequence Detection 

45 unit 740 happens to lock onto the pseudo-random noise 
sequence to one of those signals with most delay, the one 
with the least delay causes a Delay FIFO Buffer 750 
overflow. In this case, all Delay FIFO Buffers are reset 
(cleared), and writing to the Delay FIFO Buffers starts with 

50 the next line to see start of pseudo-random noise sequence. 
This event occurs on about half of the cohering events, but 
only occurs once. The cohering attempt following the reset 
always works. Based on the Pseudo-Random Noise 
Sequence Counters 760, the Delay FIFO Buffers' data is 

55 clocked out until the outputs of all the Delay FIFO Buffers 
contain the pseudo-random noise sequence at their output 
(FIG. 8 and FIGS. 9a, 96). 

FIG. 8 depicts the contents of the Delay FIFO Buffers 750 
and the Pseudo-Random Noise Sequence Counters 760 

60 when the pseudo-random noise sequence has been detected 
by all channels. 

FIGS. 9a and 9b depict the method for compensating for 
the different delays in the channels. The object of the delay 
compensation is to ensure that the pseudo-random noise bit 

65 (405) is the first bit in the FIFO Buffer 750 before the data 
is combined into the higher bandwidth signal. In FIG. 8 the 
pseudo-random noise bit is two bit positions from the 
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beginning of the FIFO for Channel 1, 45 bit positions for 
Channel 2, 5 bit positions for Channel 3, ... 8 bit positions 
for Channel N. After two clock pulses, the pseudo random 
noise bit 405 is at the beginning of the FIFO Buffer 750 for 
Channel 1, but not at the beginning for the other Channels. 
Therefore, the output of the Delay FIFO Buffer (750) for 
Channel 1 is not clocked while the other Channels' outputs 
are clocked. Even though the output of Channel 1 is not 
clocked, the input is clocked since the data is still being 
received. As stated earlier 32,768 bits (20.3 msec) of data 
can be received while the other Delay FIFO Buffers (750) 
arc in the process of delay compensation. Continuing with 
FIG. 9, seven clock pulses later Channel 3 has the pseudo- 
random noise bit 405 at the beginning of the Delay FIFO 
Buffer 750. Forty-five clock pulses after all the Pseudo- 
Random Noise Detection Units 740. have detected the 
pseudo random noise sequence, all the Delay FIFO Buffers 
750 have the pseudo random noise bit at the output and are 
ready to reassemble the data into a higher bandwidth data 
stream. 

Delay FIFO Buffers 750 in which the pseudo-random 
noise sequence bit 405 arrives prior to the others simply do 
not receive a clock signal to shift the data out. Therefore, the 
delay compensation time is equal to the value of the highest 
counter times the clock bit rate. However, because the Delay 
FIFO Buffers 750 are elastic buffers, data is continually 
loaded while this compensation occurs. 

Parallel-to-Serial Conversion 770: Once the delay com- 
pensation occurs, the outputs of the N Delay FIFO 
Buffers 750 arc read out as an N bit word, reflecting the 
way they were written in on the transmit side. This 
word is then converted to bit-serial format and sent out 
the transmit side of the HSSI port. 

Reassembling Process 

FIGS. 10a and lOb show the process for reassembling the 
user's data after reception; 

Steps 161 and 162 show the initial process for obtaining 
both frame alignment and the frame synchronization 
pattern 440 across all the receive lines. This process is 
similar to the process for the transmit disassembling 
process. 

Step 163 analyzes the result of the Pseudo Random Noise 
Sequence Detection units 740 for all the received 
signals. 

Once aU signals have been detected by the Group Align- 
ment Control Logic 790 as shown by a positive 
response to step 164, the Counters 760 are loaded by 
step 165 with the number of cycles from the detection 
of the framing bit. This Counter 760 for each line holds 
the delay value for that chaimel. 

Bits are now clocked out of the Delay FIFO Buffer 750 by 
step 166. 

Step 167 tests the Counter 760 for a zero value indicating 
that the pseudo-random noise signal bit 405 is now at 
the head of the Delay HFO Buffer. Of course some 
Delay FIFO Buffers will have the pseudo-random noise 
signal bit at the head of the Delay FIFO Buffer before 
the others. In this case step 167 is exited with a positive 
response and step (168) prevents this bit from being 
clocked out of the Delay FIFO Buffer 750. FIG. 9 
described the sequence of events related to this process. 

Step 169 uses the output of the Group Alignment Control 
Logic 790 to determine when all the pseudo-random 
noise signals are at the head of the Delay FIFO Buffer 
750. When this occurs, the signal is now ready to be 
reassembled into an N-times bandwidth signal. 
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Step 170 sets the signal (RxReady) in the Group Align- 
ment Control Logic 790 to the HSSI interface and the 
data is received and reassembled by step 770. 

The remaining steps 171, 172, and 173 monitor for any 
error conditions that may occur within the carrier 
network. Error conditions that do occur cause the state 
machine to return to the appropriate state and begin the 
process once again. 

SUMMARY 

In the telecommunications environment the method 
claimed in the present application allows the combination of 
multiple low speed channels into a single high speed chaimel 
of N-times the bandwidth available using a single low-speed 
channel (N is the number of separate physical lines). The 
user effectively sees N-times the bandwadth available for his 
application. The present system and method disassembles 
the high speed user data to be transmitted on the lower speed 
physical telecommunications lines and then reassembles the 
data at the receiving end into a coherent high speed data 
sU'eam by equalizing the delay across the multiple transmis- 
sion paths. Users employing this technique are not required 
to buy the next available tariffed service if their application 
exceeds the bandwidth requirements of one low speed 
physical telecommunications line. Fractional high band- 
width channels are created to suit an individual user's 
requirement with a small amount of overhead to compensate 
for the different line delays and without impacting the 
currently installed telecommunications equipment. 
Resources are thereby efficiently used within the network 
and communication costs are reduced. The present method 
of disassembly and reassembly is not limited to terrestrial 
transmission of signals. I.e., and may be employed using 
satellites. The method compensates for data streams travel- 
ling different physical routes through the network. 

While the present invention has been described in terms 
of a preferred embodiment, various changes may be made in 
the embodiment vtdthout departing from the spirit and scope 
of the invention as defined in the appended claims. 

We claim: 

1. A method in a communication network for assembling 
a relatively high bandwidth data stream from a plurality of 
relatively low bandwidth data streams each having a plu- 
rality of data frames, which are received from a respective 
pluraUty of relatively low bandwidth telecommunications 
channels, comprising the steps of: 
(a) equalizing transmission time delay among said plu- 
rality of low bandwidth data streams by equalizing time 
delay among the associated plurality of low bandwidth 
telecommunications channels; 
wherein said equalizing step comprises the steps of: 

(i) receiving a plurality of data frames concurrently 
transmitted across each of said low bandwidth chan- 
nels; 

(ii) extracting an alignment signal concurrently inserted 
in each corresponding data frame of each of said low 
bandvndth data streams, said alignment signal being 
a pseudo -random noise bit, said bit being in the same 
bit position in each data frame and in particular in the 
first bit position; 

(iii) detecting a prc-determined ahgnment pattern in 
each of said plurality of low bandwidth data streams, 
said pre-determined alignment pattern being made 
up of consecutive alignment signals in data frames of 
each of said plurality of low bandwidth datastreams; 

(iv) measuring time delay differences among said 
detected pre-determined alignment patterns at each 
of said low bandwidth channels; 
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(v) adding time delay to each low bandwidth channel 
corresponding to the measxired time delay difference 
for the associated low bandwidth channel; and 
(b) combining the plurality of time delay equalized datas- 
trcams into a single high bandwidth datastrcam. ^ 

2. The method of claim 1 wherein the alignment pattern 
is repeatedly and concurrendy inserted into each of said low 
bandwidth datastreams. 

3. The method of claim 2 wherein the aligmnent pattern 
has a length of at least twice a maximum anticipated 
transmission time delay difference across said plurality of 
low bandwidth channels. 

4. The method of claim 3 further comprising the step of: 
determining if all data streams have obtained frame align- 
ment by detection of the alignment pattern from the network 15 
data stream in frame and superframe patterns. 

5. The method of claim 4 further comprising the step of: 
searching for a frame synchronization bit after all data 
streams have been aligned. 

6. The method of claim 5 wherein each of said low ^ 
bandwidth telecommunication channel comprises a data 
communication channel and wherein said step of inserting 

an alignment signal comprises the further step of concur- 
rently inserting a channel frame synchronization pattcm in 
each of said channels. ^ 

7. The method of claim 6 wherein each of said low 
bandwidth telecommunication channel comprises a data 
communication diaimel and the further step of counting and 
holding the delay value in each of said channels. 

8. A system for disassembling a relatively high bandwidth ^0 
datastream into a plurality of relatively low bandwidth 
datastreams, each data stream having a plurality of data 
frames, and recombining the plurality of low bandwidth data 
streams into the high bandwidth data stream for rate serving 
purposes on a communication network, comprising: 

means for inserting an alignment signal into each corre- 
sponding data frame of each of said low bandwidth 
datastreams, said alignment signal being a pseudo- 
random noise bit, said bit being in the same bit position 
in each data frame and in particular in the first bit 
position, the consecutive alignment signals in data 
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frames of each of said bw bandwidth data streams 
constituting a predetermined alignment pattern; 
means for transmitting a respective one of said low 
bandwidth datastreams, including the concurrently 
inserted alignment signal on a respective one of said 
low bandwidth channels; 
means for equalizing transmission time delay among said 
plurality of low bandwidth datastreams by equalizing 
time delay among the associated plurality of low band- 
width telecommunications channels; 
means for combining the plurality of time delay equalized 
datastreams into the single. high bandwidth datastream; 
means for extracting the alignment signal concurrently 
inserted in each corresponding data frame of each of 
said low bandwidth datastreams; 
means for detecting a predetermined alignment pattern in 
each of said plurality of low bandwidth datastreams, 
said predetermined alignment pattern being made up of 
consecutive alignment signals in data frames of each of 
said plurality of low bandwidth datastreams; 
means for measuring time delay differences among said 
detected predetermined alignment patterns at each of 
said low bandwidth channels; and 
means for adding time delay to each low bandwidth 
charmel corresponding to the measured time delay 
difference for the associated low bandwidth channel 

9. The system of claim 8 wherein the aligiunent pattern 
has a length of at least twice a maximum anticipated 
transmission time delay difference across said plurality of 
low bandwidth channels. 

10. The system of claim 9 further comprising means for 
clocking a delay buffer on each low bandwidth channel until 
all buffers contain the pseudo-random noise bit at their 
respective outputs. 

11. The system of claim 10 further comprising means for 
compensating for the different delays in the low bandwidth 
channels. 

4> >*i >*> 4* « 
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